Introduction
Psychiatric disorders are sometimes associated with changes in physiological rhythms. Manic-depressive illness is an outstanding example, with daily variations in mood and symptoms and disruption of the normal pattern of sleep and wakefulness. Changes in the amplitude of water, potassium, sodium, and chloride excretory rhythms have recently been noted in this condition (Lobban et al., 1963 ; Elithorn et al., 1966) . Abnormalities of urine volume and diurnal rhythm have been reported in schizophrenia (Gjessing, 1936; Hoskins, 1946; Randrup and Munkvad, 1966) , and the onset of this disease is sometimes marked by a prolonged period of wakefulness (Bliss et al., 1959) .
Adrenocortical secretion in healthy subjects is known (Pincus, 1943; Bliss et al., 1953) to have a 24-hour, or circadian, rhythm and has been shown to be very closely associated with the sleep-wakefulness cycle, peak plasma corticosteroid levels occurring shortly before awakening, and minimum values about midnight (Perkoff et al., 1959) . Disturbances of adrenocortical secretion in psychiatric illness have been suspected for some time, particularly in depressive illness (Reiss, 1953) and to a lesser extent in schizophrenia (Hoagland et al., 1953) .
We describe here observations on the circadian rhythm of plasma 11-OHCS in manic-depressive and schizophrenic patients and in patients suffering from psychiatric disorders not considered to be associated with disturbances of the sleepwakefulness cycle. A pilot survey has already been reported (Conroy et a., 1968) .
Patients and Methods
In one investigation 16 patients, all men, were divided into three subgroups, A, B, and C, consisting respectively of five schizophrenics, six affective psychotics, and five patients with psychotic illnesses not marked by disturbances of sleep. All the schizophrenics displayed first-rank Schneiderian symptoms. The six affective psychotics had a characteristic history of phasic alternation of mood together with early morning waking, significant self-reproach, constipation, bowel preoccupation, and anorexia in the depressive phases. Four of the six had a previous history of episodes of hypomania.
None of the schizophrenics complained of regular disturbance of sleep, while the depressed patients all complained of insomnia-in particular early morning wakefulness, which was present at the time of investigation. lAU the schizophrenics were being treated with phenothiazines -mainly chlorpromazine and trifluoperazine-and the affective psychotics, who were all in the depressive phase, were receiving imipramine or amitriptyline.
The other psychotics comprised two patients with presenile dementia, two cerebral arteriosclerotics, and one patient with Korsakoff's syndrome.
The subjects were living under a similar regimen in a psychiatric hospital. With the exception of one schizophrenic all had been admitted at least three months before the investigation. Drug therapy was discontinued for the 24 hours preceding the first blood sample. The samples were obtained at 10.00, 14.00, 18.00, 22.00, 02.00, 06.00 hours, and agin at 10.00 hours (± 1/4 hour in each instance).
Four patients, all female, two of them affective psychotics and two suffering from schizophrenia, were observed in a second investigation extending over a period of up to 12 months. The two affective psychotics had a long history extending over 10 years of periods of depression altenating with hypomania with normality in between. Both schizo- Psychiatric phrenics had a long history (20 years+) of characteristic symptomatology, including typical auditory hallucinosis, incongruity of affect, and somatic passivity feelings. In these subjects morning (09.00-10.00 hours) and evening (18.00-20.00 hours) samples were taken at intervals of one to six weeks. One of these patients, an affective psychotic, died during the course of the year.
A female patient who was admitted during an acute depressive phase of affective psychosis was also studied in the acute post-admission phase, after seven days' therapy with imipramine, and a year later. In each instance six-hourly blood samples were taken over 48 hours. On admission she was in stupor, immobile, and almost mute; after seven days' therapy there was little apparent change clinically. Twelve months later she appeared to be clinically normal.
Blood samples were taken by venepuncture with disposable plastic syringes, transferred immediately to glass heparinized tubes, centrifuged as soon as possible to obviate any loss of steroids into the erythrocytes (Eik-Nes et al., 1953 ; Bush, 1954) , refrigerated (±40 C.), and analysed within 72 hours for 11-OHCS (hydrocortisone and corticosterone). The fluorimetric method of Mattingly (1962) , as modified by SpencerPeet et al. (1965) , was employed, using a Locarte fluorimeter with a zinc arc lamp (peak transmission 468-72-81 m/u: Sweat, 1954) and reading fluorescence at 530 m/t.
Results
Mean plasma corticosteroid values for the three subgroups at each time of sampling during the 24-hour, or transverse, survey are shown in Fig. 1 . Peak values occurred in the 06.00-hour samples-that is, those taken on waking-in all three subgroups (Fig. 1) . Minimal values for the schizophrenic and non-sleep disturbance psychotic subgroups were in the 02.00-hour samples, but in the affective psychotic subgroup, however, at 14.00 and 18.00 hours. Values in this subgroup were higher than in either of the other subgroups at all sampling times except at 06.00 hours and at the second 10.00 hours.
BRMISH MEDICAL JOURNAL showed a sharp rise at this time. It will be seen in Fig. 1 (1956, 1957) reported raised plasma hydrocortisone levels in depressed patients in morning blood samples, as did Gibbons and McHugh (1962) , Gibbons (1964) , and Hullin et al. (1967) . Brooksbank and Coppen (1967) found elevated plasma l1-OHCS in depressed subjects as compared with controls at all three sampling times. Bridges and Jones (1966) , who also observed plasma 1l-OHCS levels over 24 hours, reported lower values in the depressed patients as compared with controls at two out of their three sampling times. Knapp et al. (1967) took a series of seven samples from a group of depressed patients at four-hourly intervals beginning at 08.00 hours, and found significantly elevated l1-OHCS levels at 04.00
hours. Conroy et al. (1968) reported higher mean values in a group of five affective psychotics as compared with two other groups of psychotic patients in samples taken at approximately 15.00, 22.00. 07.00, 10.00, and 15.00 hours.
The present results provide further evidence that plasma corticosteroid values tend to be raised in depressive illness and, because serial samples were taken, it may be seen that this rise may be present throughout the 24 hours, but is perhaps (see Fig. 1 ) more readily observed in late evening or night samples and may even be obscured in morning blood samples. It also appears that the phase or timing of the circadian rhythm of the plasma corticosteroids may be upset in some depressed patients. In this respect it is interesting to note that Doig et al. (1966) , who measured plasma 1l-OHCS values at 24.00, 03.00, and 06.00 hours, recorded peak levels at 03.00 hours in 7 out of 10 depressed patients studied, and that on recovery five out of the six cases they were able to re-examine showed a shift in peak values to 06.00 hours. None the less, a circadian rhythm of corticosteroid secretion persists even in the acutely depressed state, as is well shown in the case depicted in Fig. 2 ; and in another study we did not note any evidence of phase-shifting in samples taken at about 22.00 and 07.00 hours (Conroy et al., 1968) . The tendency for plasma 11-OHCS levels to fall on clinical recovery (Gibbons and McHugh, 1962; Bridges and Jones, 1966; Hullin et al., 1967) is also illustrated in this patient. Here again this might not have been so clearly evident had serial samples not been taken.
Little work seems to have been done on plasma 11-OHCS levels in schizophrenia. Sachar et al. (1963) have, however, reported marked rises in urinary 17-hydroxycorticosteroids during acute schizophrenic reactions. The night and early morning pattern of plasma 1 1-OHCS in our schizophrenic subgroup may almost be described as supernormal, with a fall to zero levels in four out of five patients at 02.00 hours followed by a very sharp rise to high values at 06.00 hours.
The most remarkable finding is the close similarity of the plasma corticosteroid rhythm to that observed in healthy subjects, even in patients with gross psychiatric abnormality, and, most notably, in one who was continuously stuporous.
